###### Strengths and limitations of this study

Population-based design with individual-level data.The study includes children from all social layers.No recent data on the microbiology of recurrent acute otitis media in Denmark.Unknown effect of changes in other risk factors.

Introduction {#s1}
============

*Streptococcus pneumoniae* is a major cause of bacterial infection such as meningitis, pneumonia and acute otitis media (AOM) in children and in adults. More than 80% of children will develop AOM at least once before they reach 3 years of age.[@R1] AOM is thus one of the most frequent reasons for children seeing their general practitioner (GP), and AOM is associated with considerable public health expenses.[@R2] *S. pneumoniae* is a predominant pathogen involved in AOM[@R3] and generally causes more severe AOM than other microorganisms.[@R4]

Treatment of AOM consists of antibiotic treatment or 'watchful waiting'.[@R5] However, in many children, the disease turns into recurrent AOM (3 incidents of AOM within 6 months or 5 within a year) and/or otitis media with effusion (OME). Treatment of these complications often includes insertion of a ventilation tube (VT) into the tympanic membrane. VT insertion is the single most frequent surgical procedure performed on children in general anaesthesia in the Western world, and the procedure therefore poses a great socioeconomic burden on most Western societies,[@R6] including in Denmark, where the rate of VT insertion is exceptionally high.[@R7]

The pneumococcal conjugate vaccine (PCV) has been introduced into childhood immunisation programmes worldwide. It is effective in preventing invasive pneumococcal disease (IPD), and probably also pneumonia and AOM, although evidence is less clear for these conditions.[@R8] [@R9] AOM consultation rates have reportedly decreased by up to 20% after the introduction of PCV into the childhood immunisation programmes in the USA.[@R10] Trials in Finland and the USA suggest that PCV was effective in reducing rates of VT insertion by as much as 39%.[@R11] Moreover, postmarketing studies from the USA and Australia suggest that the introduction of 7-valent PCV (PCV7) correlates with decreases in VT insertion rates of up to 23%.[@R15] [@R16] Similar data from Europe are sparse, and the effect of PCV on pneumococcal disease epidemiology seems to vary greatly between different nations.[@R17] Factors potentially contributing to this variation include differences in vaccine schedules, vaccination coverage, antibiotic usage, resistance patterns, and prevalence of bacterial pathogens and pneumococcal serotypes. Surveillance of the potential impact of PCV on AOM and VT insertion rates is therefore needed at a national level.

In Denmark, routine vaccination with PCV7 began in October 2007. The vaccine is given in a 2+1 dose schedule as part of the Danish childhood immunisation programme. The schedule thus differs from that used in the USA (3+1) and in Australia (3+0).[@R18]

In this study, we examine the association between the introduction of PVC7 and incidence rates of VT insertion in children below the age of 2 years at the population level.

Patients and methods {#s2}
====================

Setting {#s2a}
-------

The study was conducted in the Central Denmark Region, which has a mixed rural and urban population of 1.27 million inhabitants (23% of the Danish population). The Danish healthcare service provides universal tax-supported healthcare for all residents, guaranteeing free access to primary medical care and hospitals. GPs act as gatekeepers who refer their clients to treatment at hospitals and to treatment by office-based practising specialists including ear, nose and throat (ENT) specialists. There are approximately 3600 GPs and 1200 practising specialists with agreement under the public healthcare scheme in Denmark. Patients are most often referred to an office-based ENT specialist from their GP, but they may also contact an ENT specialist on their own.

From Statistics Denmark, the central authority on Danish statistics, we obtained data on the number of children living in Central Denmark Region each year, distributed on age group, sex and municipality.

Children with first-time VT insertion {#s2b}
-------------------------------------

We identified all children below the age of 2 years treated with VT insertions in the outpatient clinics of practising ENT specialists. The 2-year limit was chosen because recurrent AOM is more frequent in children below the age of 2 years (peak incidence of AOM is 6--11 months of age) than in older children in whom OME is predominant.[@R21] Nearly all VT insertions in Denmark are performed by office-based practising specialists. There is no waiting time on VT insertion in Denmark, therefore private insurance coverage without reimbursement is practically never used for this procedure. Moreover, VT insertion is reimbursed regardless of whether or not the patient is referred by the GP or the family contacts the ENT specialist without prior referral. All practising ENT specialists report all their patient procedures and services to the Health Care Reimbursement Scheme and are financially reimbursed for their services. The number and type of procedures and services are electronically stored in the Danish National Health Service Registry, together with the date and the patient\'s unique civil registry number. Information on each patient\'s birthdate, gender and municipality is also contained in the registry.[@R22] The Danish government assigns a unique civil registry number to every citizen at birth.[@R23] This allows us to identify all children\'s first incident VT insertion and ensures that every child appears only once in the calculations.[@R24] None of the above facts changed during the calendar period studied. A VT insertion was counted as one episode, regardless of whether insertion was performed unilaterally or bilaterally.

Pneumococcal vaccination and vaccine coverage {#s2c}
---------------------------------------------

PCV7 was introduced into the Danish childhood immunisation programme in October 2007; and PCV13 was introduced in April 2010.[@R25] Since the government recommended GPs to finish use of the remaining stock of PCV7 before starting PVC13 administration, 2010 is considered to be a 'PCV7 year'. Children are vaccinated at 3, 5 and 12 months of age. In the introduction period, a catch-up programme was offered to children up to 17 months of age. Children aged 4--11 months were offered three vaccinations with at least 1 month\'s interval between the first two vaccinations and at least 2 months between the second and the third vaccination. At the time of the third vaccination, the child had to be at least 12 months of age. Children aged 11--17 months were offered two vaccinations with at least 2 months in between. Data on population vaccine coverage were obtained from the Statens Serum Institut (SSI),[@R26] which monitors vaccine administration nationally. Vaccine coverage in the Danish Childhood Immunisation Program is estimated using data from the National Health Service Registry and is accessible on an aggregated level from the SSI homepage.[@R26] Estimates are available for different basic categories such as gender, birth cohort, municipality and region in Denmark. GPs are obligated to report all vaccinations carried out as a part of the Danish Childhood Immunisation Program to the National Health Service Registry.

Statistical analysis {#s2d}
--------------------

*Incidence*: Annual incidence rates were calculated with the number of people living in the region as of 1 January each year as the denominator. Exact population numbers were retrieved from Statistics Denmark.[@R27] The annual incidence rate of VT insertions was computed overall and within age-specific (0--5, 6--11, 12--17 and 18--23 months) and gender-specific strata as the number of first-time VT insertions per 1000 people per year. Furthermore, we computed the annual incidence in municipalities in the eastern versus the western part of Central Denmark Region separately. Incidence rate ratios (IRRs) with 95% CIs were calculated for the PCV period (2008--2011) compared with the pre-PCV period (2001--2007). Incidence rates and rate ratios were age and gender standardised to the population in 2001. The 95% CIs were considered statistically significant.

Results {#s3}
=======

We identified 27 837 children below the age of 2 years with a first-time VT insertion from 2001 through 2011. The mean age at the first VT insertion was 14.8 months and 59% of the children were male.

Vaccine coverage {#s3a}
----------------

PCV coverage in the Central Denmark Region was estimated at 86--93% for the first PCV for the birth cohorts from 2007 through 2011. The coverage was estimated at 82--93% for the second PCV dose and at 81--92% for the third PCV dose in the birth cohorts from 2007 through 2011. The coverage for children in the catch-up programme was 51--71% depending on age and PCV dose number.

Incidence of first VT insertion {#s3b}
-------------------------------

Between 2001 and 2011, the incidence rate of first-time VT insertion in children below the age of 2 years steadily increased from 64/1000 person years in 2001 to 100/1000 person years in 2011. Small temporary decreases appeared in 2005, 2008 and 2011. The overall IRR was 1.27 (95% CI 1.24 to 1.30) when the PCV period was compared with the pre-PCV period ([figure 1](#BMJOPEN2014007151F1){ref-type="fig"}). Age-specific rate ratios are listed in [table 1](#BMJOPEN2014007151TB1){ref-type="table"}.

###### 

Mean IR of first VT insertion per 1000 person years in the PCV period (2008--2011) and the pre-PCV period (2001--2007), standardised to the 2001 population

  Age group (months)   IR, PCV period (n)   IR, pre-PCV period (n)   IRR (95% CI)
  -------------------- -------------------- ------------------------ ---------------------
  All                  96.3 (11 637)        76.0 (16 200)            1.27 (1.24 to 1.30)
  0--5                 2.6 (78)             1.7 (89)                 1.56 (1.15 to 2.12)
  6--11                109.0 (3242)         84.7 (4488)              1.29 (1.23 to 1.35)
  12--17               182.4 (5530)         140.3 (7507)             1.30 (1.26 to 1.35)
  18--23               91.9 (2787)          76.9 (4116)              1.20 (1.14 to 1.25)

IRR with 95% CIs.

IR, incidence rate; IRR, incidence rate ratio; PVC, pneumococcal conjugate vaccine; VT, ventilation tube.

![Standardised overall IR for first-time VT insertion in Central Denmark Region before and after the introduction of PCV in October 2007 (IR, incidence rate; PCV7, 7-valent pneumococcal conjugate vaccine; VT, ventilation tube).](bmjopen2014007151f01){#BMJOPEN2014007151F1}

The VT insertion rate clearly depended on both age group and gender. During the entire period, males had a substantially higher incidence rate than females; in 2011, the rate for males was 111/1000 person years, while the corresponding number for females was 81/1000 person years. Moreover, the incidence rate was clearly higher in children aged 12--17 months than in the other age groups. Nonetheless, the increasing trend of VT insertion rates was seen for both genders and for all age groups. Furthermore, the trend was similar in the western and the eastern part of the Central Denmark Region, although the overall insertion rate tended to be highest in the western part ([figures 2](#BMJOPEN2014007151F2){ref-type="fig"}[](#BMJOPEN2014007151F3){ref-type="fig"}--[4](#BMJOPEN2014007151F4){ref-type="fig"}).

![Standardised IRs for first-time VT insertion in Central Denmark Region before and after the introduction of PCV in October 2007, stratified by geography (IR, incidence rate; PCV7, 7-valent pneumococcal conjugate vaccine; VT, ventilation tube).](bmjopen2014007151f02){#BMJOPEN2014007151F2}

![Standardised IRs for first-time VT insertion in Central Denmark Region before and after the introduction of PCV in October 2007, stratified by gender (IR, incidence rate; PCV7, 7-valent pneumococcal conjugate vaccine; VT, ventilation tube).](bmjopen2014007151f03){#BMJOPEN2014007151F3}

![Standardised IRs for first-time VT insertion in Central Denmark Region before and after the introduction of PCV in October 2007, stratified by age group (IR, incidence rate; PCV7, 7-valent pneumococcal conjugate vaccine; VT, ventilation tube).](bmjopen2014007151f04){#BMJOPEN2014007151F4}

Discussion {#s4}
==========

Our population-based study shows that the introduction of PCV into the Danish childhood immunisation programme in 2007 was not associated with a subsequent decrease in the rates of VT insertions in the Central Denmark Region. In contrast, the rate continued to rise. The small decreases in the rates seen in 2005, 2008 and 2011 could be due to natural fluctuations in the incidence of otitis media and subsequent VT insertions, for instance related to viral epidemics.

The strengths of this study include its population-based design with individual-level data, which yields a large number of cases and enables us to focus on incident first-time VT insertion episodes only. The Danish healthcare system provides free healthcare for all residents. Our study therefore includes children from all social layers and not children only from specific clinics or health insurance systems.

The possible limitations of the study include potential coding errors in the healthcare registry. Nonetheless, owing to direct economic incentives, coding of procedures in the Danish National Health Service Registry is considered highly valid.[@R28] The children vaccinated against pneumococci in our population are not necessarily the same as those later having or avoiding VT insertion. We are therefore faced with an inborn risk of ecological fallacy when inferring any association. On the other hand, the high PCV vaccination rate in the Central Denmark Region, where around 90% of the children are covered, is likely to induce herd immunity, and one may argue that the ecological design is, in fact, a strength. Changes over time in other AOM and VT risk factors might have influenced the observed rates of VT insertions. Important risk factors for recurrent AOM and therefore likely risk factors also for VT insertion include parental smoking, day care attendance and lack of breast feeding.[@R29] The prevalence of tobacco smokers in Denmark decreased during the study period,[@R30] whereas the percentage of children attending day care has risen over the past decade.[@R31] Data on changes over time in the prevalence of breast feeding in Denmark are, unfortunately, lacking. Lastly and importantly, we have no recent data on the microbiology of recurrent AOM in Denmark.

In Denmark, the main criteria for VT insertion are recurrent AOM or OME for more than 3 months. We had no data on the indication for the VT procedures performed. Increasing rates of OME with subsequent VT insertion could have caused the rise in VT incidence rates and could have masked any effect of the PCV on the incidence of AOM. Only a few studies have examined the medical indications underlying VT insertions. Two studies found that recurrent AOM was the indication for VT insertion in 20%[@R24] and 40%[@R25] of cases. Another study[@R15] found that 93% of children at 1 year of age and 95% of children at 2 years of age had developed frequent episodes of otitis media at the time of VT insertion. However, these studies were conducted in the USA and Australia, where much fewer VTs are inserted among children than is the case in Denmark.

Furthermore, it is well known that AOM and OME represent different stages within a continuum of otitis media. Most children suffer from a mixture of recurrent AOM and OME, which makes it difficult to exclusively ascribe VT insertion to either of the two indications.

We had no data on possible changes in the use of antibiotics specifically for AOM treatment in our study period, which might have affected the rate of VT insertions. In recent years, there has been a general focus on reducing antibiotic use in Denmark, including antibiotic treatment for AOM, emphasising 'watchful waiting' as an option in uncomplicated AOM.[@R5] Less antibiotic use for AOM could have led to increased choice of VT insertion. Nonetheless, between 2003 and 2012, the total consumption of antimicrobial agents in humans in Denmark increased by 3.44 defined daily doses per 1,000 inhabitants per day (DID) or 23%,[@R32] and we have no data to indicate reduced antibiotic use for AOM in our study period.

No previous study has evaluated the association of PCV with otitis-related outcomes in Denmark. However, our findings of a continually increasing rate of VT insertions are consistent with a recent study by Djurhuus *et al*,[@R7] who also found increasing rates of VT insertions in Denmark. In contrast, studies from other countries, including the USA[@R15] and Australia,[@R33] have reported decreases in VT insertion rates following the introduction of PCV. While the rate of IPD in Denmark fell substantially in the vaccinated age-groups following the PCV7 introduction,[@R34] incidence rates of hospitalised pneumonia did not decrease, but rose between 2007 and 2011 in Denmark.[@R35] Thus, while PCV prevents IPD, it may have less effect on non-IPD. In Finland, pneumococcal vaccination induced a serum IgG immune response from 7 months of age,[@R36] but an immune response in saliva IgA could not be detected until 16 months of age. This could explain why the vaccine protects children below the age of 2 years from IPD, but apparently not from mucosal disease such as AOM and pneumonia. Also, previously mentioned variations in vaccine schedules could result in different outcomes in countries like Denmark, the USA and Australia.

An additional explanation for lack of effect could be the occurrence of serotype replacement. Several studies show an increase in non-vaccine types (NVT) after the introduction of PCV7. Ingels *et al*[@R34] reported a slight, but significant, increase in NVT IPD in Denmark in the PCV period for all age groups. For children below the age of 2 years, the IRR was only 1.18 (95% CI 0.91 to 1.53). However, the distribution of serotypes and serotype replacement could be different for non-IPD such as AOM.

The observed increase in VT insertion rates started long before the implementation of PCV, and there could be numerous reasons for this trend. A growing number of children may be diagnosed with recurrent AOM either because the incidence of AOM is rising or because of increased use of medical care. Thus, data from The Danish National Health Service Registry and the National Board of Health show that the annual number of GP consultations and the medical expenses per Danish citizen have risen continuously since 2001.[@R37] However, the increase in the overall share of medical expenses of Denmark\'s gross domestic product from 8.6% in 2001 to 9.7% in 2007 does not compare with the large increase in VT insertions observed in this period.

A study from New York[@R6] showed that VT insertion was an overused procedure and that 69.7% of VT insertions were performed without the child fulfilling the criteria for the procedure. If this holds true for Denmark as well, the increasing rate could reflect growing overuse of the procedure. While a Cochrane review[@R38] from 2008 showed that VT insertion rests on a rather limited scientific base and only has a small effect in reducing episodes of recurrent AOM, a quality assessment survey from Denmark[@R39] in 2009 showed that parents with children undergoing VT insertion were very pleased with the procedure. Thus, the survey found that 96% of parents were satisfied with the treatment. Parents reported improved night sleep (of the child) in 78%, less ear pain in 85% and a better quality of life of the family in 66% of the cases. In the same survey, 15% of the ENT specialists felt that the parents had forced them to perform the procedure. Denmark has the highest employment proportion of women in the world, and both parents have fulltime employment in most Danish families. A sick child is therefore a large burden on the family because one of the parents has to stay home from work to take care of the child. As a result, frustrated parents might pressure their GP and practising specialist to take action and will not be satisfied with a 'watchful waiting' approach. Increased parental pressure during the study period could have led to an increased rate of VT insertions. No data exist on changes in parental attitude in Denmark during the period studied.

Finally, changes over time in official criteria and guidelines for VT insertion could have affected the rate of procedures. The last official national treatment guideline for VT insertions from 1987 states that indications include recurrent AOM and OME for more than 3 months.[@R40] However, during the last decade, there has been an ongoing debate within the Danish health community in favour of more restricted indications for VT insertions. Recent unofficial clinical recommendations---the latest from 2014[@R41]---suggest OME for more than 6 months as indication for possible VT insertion. A Danish assessment[@R42] of the previously discussed Cochrane review concluded that VT insertions are not without complications; and in light of the relative small effect, each procedure should be carefully considered. It seems that official steps are being taken to implement more restrictive criteria, which, however, is not consistent with the rise in the number of procedures performed reported in the present study. A new official national guideline for VT insertion is expected to be published in 2015.

Conclusion {#s5}
==========

In conclusion, we found that the introduction of PCV into the Danish childhood immunisation programme did not correlate with a subsequent decrease in the rates of VT insertions for children below the age of 2 years. Instead, the rate in Denmark has continued to rise, as before the introduction of PCV.
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